Recent studies showed that neuronal nitric oxide synthase (nNOS) plays a role in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine neurotoxicity. In the present study we examined the effects of striatal injection of 1-methyl-4-phenylpyridinium (MPP ؉ ) on substantia nigra degeneration in mutant mice lacking the nNOS gene or the endothelial nitric oxide synthase (eNOS) gene. Both striatal lesion volume and substantia nigra degeneration were significantly attenuated in the nNOS mutant mice but not in the eNOS mutant mice. The mice lacking nNOS showed a significant attenuation of MPP ؉ -induced increases of 3-nitrotyrosine concentrations in the striatum. In a separate experiment administration of 7-nitroindazole for 48 h after MPP ؉ injections significantly attenuated substantia nigra degeneration in rats. Immunohistochemical studies showed apposition of nNOS-positive neuronal processes on tyrosine hydroxylase-positive neurons. These results provide further evidence that neuronally derived NO and peroxynitrite play a role in MPP ؉ neurotoxicity. 1997 Academic Press
INTRODUCTION
In human and nonhuman primates 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) produces clinical, biochemical, and neuropathologic changes which model those that occur in idiopathic Parkinson's disease (Burns et al., 1983; Bloem et al., 1990) . The pathogenesis of the lesions involves the conversion of MPTP to an active metabolite, 1-methyl-4-phenylpyridinium (MPP ϩ ), by monoamine oxidase B (Tipton and Singer, 1993) . MPP ϩ is selectively taken up by the dopamine transporter and is subsequently accumulated within mitochondria. There it disrupts oxidative phosphorylation by binding to or near the rotenonebinding site on complex I. This can result in increased intracellular calcium, followed by increased free radical production by mitochondria and activation of neuronal nitric oxide synthase (nNOS). This can in turn lead to increased production of nitric oxide (NO · ) which can react with superoxide (O 2 · ) to produce peroxynitrite (ONOO Ϫ ) (Beckman, 1996) . Peroxynitrite production has been implicated in cell death. We previously showed that 7-nitroindazole (7-NI), a relatively selective inhibitor of nNOS, produces dosedependent complete protection against MPTP-induced dopamine depletion in mice (Schulz et al., 1995) . These results were confirmed using 7-NI and extended by showing that mice deficient in nNOS were resistant to MPTP neurotoxicity (Przedborski et al., 1996) . We also found that 7-NI prevented MPTP-induced parkinsonism in baboons (Hantraye et al., 1996) .
Following injection of MPP ϩ into the striatum it is retrogradely transported to the substantia nigra, resulting in ipsilateral degeneration of substantia nigra neurons (Srivastava et al., 1993; Dunigan and Shamoo, 1996) . In the present study we examined the effects of MPP ϩ -induced striatal lesions and substantia nigra degeneration in mutant mice lacking either nNOS or endothelial nitric oxide synthase (eNOS). We measured striatal concentrations of 3-nitrotyrosine, a marker
